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Abstract 
A developed interactive courseware in the application of integration was adapted as a technological innovation in tutoring 
engineering students in Calculus.  The courseware is composed of six modules where the topics are part of the course content in 
Engineering Math -Calculus, a course offered in the Foundation Programme of Universiti Teknologi PETRONAS. The objective 
of this paper is to discuss the use of interactive courseware as an alternative tool for tutoring the students to facilitate the 
understanding of concepts in areas and volumes. The examples in the modules helps students visualize the problems a strategy 
for them to formulate the needed expression for solving. Fifty students participated in the study and divided into two groups the 
control and the experimental group. The results showed that the students in the experimental group performed as well as the 
students in the control group. This indicates that the interactive courseware is a useful tutoring tool to enhance student’s learning 
the application of integration and it can be used for independent study.  
© 2010 Elsevier Ltd.
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1. Introduction 
  
Technology is essential in teaching and learning mathematics; it influences the mathematics that is taught and 
enhances students’ learning. To further elaborate, they say that “ The existence, versatility, and power of technology 
make it possible and necessary to re-examine what mathematics  students should learn as well as how they can best 
learn it” (NCTM, 2000). Advancements in technology occur daily and users have several choices from video to the 
multimedia and to the internet. Innovative use of technology can improve the way mathematics should be taught and 
enhances student’s understanding and visualization of basic concepts (Wan, Afza & Janier, 2006). Furthermore, 
visualization is a mean for learners to construct mathematical knowledge and meanings in mathematics education 
(Leung & Chan, 2000). 
 
Universiti Teknologi PETRONAS is a private institution that offers engineering and one of the courses taken by the 
students is Engineering Math 2 – Calculus. This subject is an introduction to pure mathematics and also a foundation 
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for the applications in engineering and sciences. It involves sketching the graphs and formulation to solve problems. 
In UTP, all lecturers for mathematics courses are conducting tutorials to students by giving problems for them to 
solve for discussion during tutorial session. Although not compulsory, students attend to understand better topics 
discussed by their teachers during lectures. Tutorial session is a 1-hour and the tutor uses the traditional chalk and 
board method. A survey conducted by a group of lecturers found that 80% of the engineering students had difficulty 
in understanding the concepts in the application of integration a topic in Calculus. The reason for this difficulty was 
the ability to visualize and relate the variables to derive the appropriate formula to find the solution to a problem.  
 
Mathematics can be taken as a creative activity since it involves graphs, analysis and formula writing. Students can 
explore ideas and see the relationship between concepts and in doing so they need to think, analyse the mathematical 
problem before coming up with a particular solution (Afza, Wan & Janier, 2007). According to Kimmins (2004) in 
order to encourage students in visualizing he suggested the following: (a) to give students focused in solving 
problems, and in constructing useful diagrams/visuals of various types; (b) to engage students in active learning in 
which they can construct mathematical knowledge; (c) and to utilize the appropriate technological tool available for 
visualization. As proposed by Allen (2009), in mathematics a student must have the ability to convert visual 
information into qualitative mathematical information and ultimately into quantitative information. In addition, as 
stated by Hamza et.al. (2000) teaching creatively for effective learning demands a migration from inherited practices 
of  instructing, thinking ,  using computers and computer technology as the main tools. Using these as framework, 
an interactive courseware using Macromedia Toolbook in the application of integration was developed by the 
researchers in 2006. It is composed of six modules where the first five modules include objectives, definition, 
procedures, practice tasks and quiz and the last module, 6, the assessment.  
              
This study was conducted to use the developed interactive courseware as a tutoring tool to enhance student’s 
learning the application of integration. Fifty engineering students attending tutorial in Calculus participated in the 
conduct of the study. They were divided into 2 groups the experimental (A) and the control (B). The instruments 
used are the Pre and Post tests with 10 questions of multiple choice types and the interactive courseware.  
 
2. Methodology 
 
At the beginning of the study, a one hour pre-test with 10-item multiple choice question in area and volume was 
given to the students of groups A and B.  With the interactive courseware installed in the computers in one of the   
laboratories in the university, students in the experimental group (A) made use of it to learn the area and volume for 
four hours or equivalent to two meetings (2 hours per session) with the presence of a facilitator. Figure 1 shows a 
student using courseware. The courseware is a face to face self-paced learning tool, student centered and interactive. 
In Figure 2 is the chalk and board method used by the students in the control group (B). It is face to face discussion 
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  + + -chalk & board 
    
 
 
                      Figure 1: Experimental Group A       Figure 2: Control Group B 
 
between tutor and students. The students solved and discussed problems given by the tutor. Two meetings or 
equivalent to 4 hours was allotted to finish the application of integration.   
     
In the interactive courseware used by the experimental group parts of the module are shown in Figure 3 and Figure 
4. Figure 3 shows the concept of finding the area between two curves. The graph of the area of the region bounded 
by the line and the parabola is shown based on the given conditions. While Figure 4 shows a quiz item for 
determining the volume of a solid by cylindrical shell method. It displays the graph of the solid when it revolved 
about the y-axis. The quiz item comprises of four choices for the students to select the best answer. It could be seen 
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that both figures illustrate the requirements in the given problems for the students to derive the formula in order to 
solve.  
 
 A week after the conduct of the experiment a one hour Post-test was given to both groups. 
 
                          
 
              Figure 3: Example in area                          Figure 4: Example of a Quiz Item 
    
3. Findings 
 
The findings of this study were based on the quantitative data gathered from the Pre and Post tests results. For the 
analysis, the level of significance used was Į=0.05. Table 1 presents the number (N) of students per group, mean 
(M) and standard deviation (SD). The pre and post test results for group A are 4.28 and 9.0 while for group B the pre 
and post tests results are 4.48 and 8.48. It shows that post test result for the experimental group (A) was higher 
compared to the control group. The reason could be students in the experimental group can review topics in area and 
volume by simply going back to the module they need since it is a self paced learning tool. The use of the interactive 
courseware showed that it benefited the students, increases their scores and improves their learning the topic. 
 
Table 1.  Pre and Post tests results 
          
 
  
    From Table 2, the test difference in the mean for both groups is highly significant, p-value is 0. This indicates that 
the 2 groups understood the application of integration better after the tutorial sessions. It further implies that tutorial 
sessions are helpful to students regardless of the method employed.  
 
Table 2.   Mean difference within the group 
   
 Mean t p-values 
Pair 1 Group A 
Pair 2 Group B 
-4.72 
-4.0 
-15,875 
-14.142 
0 
0 
 
 
A t-test was carried out between the difference in means for the pre and post tests between the 2 groups (see Table 
3), it is not significant, p-values 0.559 and 0.301 respectively. This result also indicates that interactive courseware 
can improve the scores of the students and furthermore enhance their learning the application of integration. It also 
implies that regardless of the method used in tutoring the topic both groups of students performed better after the 
tutorial sessions. In addition, the use of the courseware in the application of integration can be used by the student 
for independent study. 
Group N M SD 
Pre-test 
A 
B 
 
   25 
   25 
 
4.28 
4.48 
 
1.400 
    0.963 
Post-test 
A 
B 
 
  25 
  25 
 
9.0 
8.48 
 
  1.607 
  1.896 
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Table 3.   T test for mean between Group A and Group B 
  
 t p-value 
Pre -0.589 0.559 
Post 1.046 0.301 
 
4. Conclusion 
 
The results have shown that students who used the interactive courseware increased the scores and improved 
learning the application of integration. Furthermore, students who used the courseware performed as well as the 
students in the traditional tutoring method.  This indicates that the courseware can be used as a tutoring system to 
enhance student learning the application of integration. Also, it can be used for independent study for the said topic 
since it is self-phased, student centered and interactive.  
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